Objectives: To study the effect of 12 months of growth hormone (GH) treatment on bone markers, bone mineral density (BMD), lean body mass (LBM) and body fat mass (BF) in postmenopausal osteoporotic women. Design: Sixteen patients were randomised to a double-blind randomised placebo-controlled one-year study with daily s.c. injections of GH or placebo. After the first year 14 patients (8 placebo treated, 6 GH treated) were recruited to GH treatment during the second year. All patients were also supplemented with 0.5 g calcium per oral. Methods: Bone mineral density and body composition were assessed by dual energy X-ray absorptiometry. Biochemical bone markers were analysed by RIA or HPLC techniques. Diurnal GH profiles were performed with continuous venous blood sampling. Results: Sixteen patients started in the placebo-controlled study. In all, twelve patients completed one year and only four patients completed two years of GH treatment. At baseline 3 patients had serum insulin-like growth factor-I (S-IGF-I) levels below -2 S.D. for age. Maximal diurnal GH levels tended to correlate negatively with S-IGF-I (P = 0.076). S-IGF-I was unrelated to BMD. Serum IGF-binding protein-1 (S-IGFBP-1) correlated negatively with femoral neck BMD (r = ¹0.61, P = 0.012). The intended GH dose of 0.05 U/kg/day or a maximum of 3 U/day s.c. was reduced to 0.024 Ϯ 0.004 U/kg/day, equal to 0.5-2.7 U/day due to frequent side effects, and four patients were excluded. After one year of GH treatment BF increased slightly, LBM and BMD in total body and lumbar spine were unchanged but femoral neck BMD had decreased 3.4 Ϯ 1.6% (P < 0.05). The mean S-IGF-I increase was 32% (range ¹38-138%). Mean levels of the bone formation markers S-osteocalcin and S-procollagen type I propeptide increased maximally by 88 and 36% respectively after 9-12 months while the bone resorption markers were unchanged. In the placebo-treated group there were no significant alterations.
Introduction
Growth hormone (GH) is essential for growth and maintenance of bone tissue. During childhood and adolescence GH is necessary for linear growth (1) . Adult onset GH deficiency (GHD) is associated with a lower bone mass, at least in women (2, 3) , and increased frequency of osteoporotic fractures has been reported among GHD patients (4) . Bone mass increases after 12-18 months when GHD adults are treated with daily GH supplementation (2, 3) . Less is known about the effect of GH on bone mass and body composition in normal or osteoporotic elderly people (5) . GH secretion and GHdependent serum insulin-like growth factor-I (IGF-I) levels diminish with increasing age (6, 7) . Subnormal serum IGF-I levels have been reported in men and women with osteoporosis (8) (9) (10) .
The effect of IGF-I is modulated by six different IGF binding proteins (IGFBP-1 to -6). GH is one of the important regulators of IGFBP-3 production. Serum IGFBP-3 levels have been found to be lower in middleaged women and men with osteoporosis than in agematched controls (9, 11) . IGFBP-1 is produced in the liver, is suppressed by insulin and is considered to be a factor which regulates short-term bioavailability of free IGF-I. As yet there have been no reports concerning IGFBP-1 in patients with osteoporosis.
A few attempts have been made to increase IGF-I by long term GH treatment and evaluation of its effect on bone metabolism in elderly women, but the results have been conflicting. One of the first studies on osteoporosis was published by Aloia et al. (12) who demonstrated decreased back pain but a drop in radial bone density after one year of GH treatment (2-6 U/day). Two recent studies have addressed the effect of long term sequential GH treatment of postmenopausal women with low bone mass. GH administration to osteopenic elderly women for 12/56 days increased bone turnover and caused small increases of bone mass in the lumbar spine and total hip after two years (13) . When osteoporotic postmenopausal women were treated with sequential GH for 7 days/3 months during 2 years femoral shaft bone mineral density (BMD) decreased compared with baseline values (14) . Bone mass increased slightly in spine and distal radius only when GH was administered together with calcitonin.
The aim of the present study was to evaluate, in a placebo-controlled, one-year study, whether GH given in daily doses equivalent to those given to adult GHD patients could improve BMD and body composition in postmenopausal women with manifest osteoporosis and, in addition, to relate changes in BMD to serum IGF-I responses.
Subjects and methods

Study population
Sixteen patients aged 58 to 74 years were consecutively recruited among women who were at least 5 years postmenopausal and had been referred to the osteoporosis unit due to low-energy trauma fractures. Inclusion criteria were bone mineral density below 1 g/cm 2 in the ultradistal part of the radius and radiological presence of one to four vertebral body compression fractures defined as a vertebral body height loss of >15% at the anterior, middle or posterior margin. One patient with bilateral wrist fractures was included based on hip BMD below ¹2.5 S.D. of the mean for young healthy subjects, as her wrists could not be adequately measured. Patients with secondary osteoporosis caused by disease or medication or with other metabolic bone diseases, except for osteoarthritis, were excluded. In addition patients with diabetes mellitus and other significant diseases were excluded.
Before entering the study the mean height loss was 5.8 Ϯ 0.8 cm as judged by reported maximal height and measured present height. Mean body mass index (BMI) was 24.6, but considering the reported height loss the BMI corresponded to about 22. Two women had previous hip fractures, one a shoulder fracture and seven women had earlier wrist fractures. Six patients had multiple vertebral compression fractures. None of the patients had been treated with bone active drugs, including medium potent oestrogens, other than calcium and prescription-free multivitamin tablets.
At varying times (median 9 days) before entering the present study, diurnal profiles of GH were determined in samples collected every 20 min throughout 24 h using the continuous withdrawal technique in 15 of the patients (15) .
Study protocol
Sixteen patients were randomised to a double blind schedule with either placebo or GH injected s.c. daily at 2000-2200 h during one year followed by one year of GH treatment offered to all participants. The patients treated with placebo during the first year and GH during the second year comprise the placebo/GH group and those treated with GH from the start of the study comprise the GH/GH group. Due to adverse effects only six patients in the placebo/GH group and six patients in the GH/GH group completed one year of GH therapy. The six patients in the GH/GH group started GH treatment for a second year but only four of them pursued the whole period. GH (Genotropin, Pharmacia & Upjohn, Stockholm, Sweden) in successively increasing doses from 0.02 to 0.05 U/kg/day, maximum 3 U/ day, were titrated according to a pre-set schedule and modified due to the individual subjective tolerance of the patients. In only one case was dose reduction carried out during the placebo period. The mean GH dose administered between the start of the study and 12 months was 1.5 Ϯ 0.3 U/day (ranging from 0.9 to 2.7 U/day) in the GH/GH group vs 1.1 Ϯ 0.2 U/day (ranging from 0.5 to 1.6 U/day) in the placebo/GH group, or when corrected for body weight (BW) 0.026 Ϯ 0.005 and 0.018 Ϯ 0.003 U/day/kg BW respectively (not significantly different). Compliance was checked by measuring the volume of injection solution consumed. All patients were given 0.5 g calcium/day per oral during the study.
Before the study the patients had been informed about possible side-effects. During the first year they were asked to report any change of well-being at each visit. During the second year the patients were specifically asked about fluid retention symptoms which might have yielded more complaints during the latter half of the study.
The study was performed in an out-patient setting with follow-up after 1 week, 1, 3, 6, 9 and 12 months during each treatment period. Blood and urine samples were collected at each visit. Laboratory measurements to ensure no ill-effects of treatment, including blood glucose, were performed at every visit. Analyses of markers of GH therapy, such as IGF-I, were not performed until the end of the study. Bone densitometry and body composition were measured every six months. Radiological evaluation of the thoracic and lumbar spine was carried out before and after the study period.
The study protocol was approved by the Committee for Medical Ethics of the Karolinska Hospital and the Swedish Medical Product Agency.
Measurement of bone mineral density
Dual energy X-ray absorptiometry (DXA, Lunar DPX-L, Lunar Corp-1, Madison WI, USA) was used for measuring BMD of whole body, lumbar spine and hip (16) and expressed as areal bone mineral mass (g/cm 2 ), percentage change from the age-matched and young adult mean and also standard deviations from the latter (T-score). Bone mineral density was measured in forearm by single photon absorptiometry (SPA) (17) before entry to the study.
Radiological evaluation was carried out by an experienced radiologist using manual evaluation of individual vertebral body measures. Progression of vertebral compression fractures was inferred when these heights were decreased by at least a further 3 mm.
Measurement of body composition
Estimates of body composition (lean body mass (LBM), body fat mass (BF) and bone mineral content (BMC)) were acquired from whole body DXA measurements. Total body water (TBW) was measured with bioelectrical impedance (Akern LJR, Florence, Italy) using a two-compartment model provided by the manufacturer. Standing body height was registered with a Harpenden stadiometer.
Assays
IGF-I was determined in serum by RIA after separation of IGFs from IGFBPs by acid-ethanol extraction and cryoprecipitation. To minimize interaction of IGFBPs, des(1-3)-IGF-I was used as the ligand (18). The detection limit was 8 mg/l. Including the extraction step, the intra-and interassay coefficients of variation were 4.0% and 11% respectively. The IGF-I values are age dependent, declining with age. The normal range of IGF-I was determined in serum from 448 healthy subjects aged 20 to 96 years, an extended material base compared with that previously described (19) . Thus, the geometrical mean concentration at 20 years of age was 277 mg/l with a range of 159-481 mg/l ( Ϯ 2 S.D.), and at 90 years of age the mean was 91 mg/l with a range of 52-158 mg/l. IGF-I values were also expressed as S.D. scores calculated from the regression line of the values in these 448 healthy subjects.
Serum concentrations of IGFBP-1 were determined according to the method of Póvoa et al. (20) . The sensitivity of the RIA was 3 mg/l and the intra-and interassay coefficients of variation were 3% and 10% respectively. The geometrical mean and range of IGFBP-1 were 34 and 12-91 mg/l respectively in healthy subjects aged 20-66 years (21) .
Serum levels of IGFBP-3 were analysed using an immunoradiometric assay kit (DSL-6600 IGFBP-3 IRMA, DSL Inc., Webster, TX, USA). The reference range (mean Ϯ 2 S.D.) for healthy subjects aged 50-70 years was 2966 Ϯ 878 mg/l.
Plasma GH was analysed using a sensitive kit (DELFIA, Wallac, Turku, Finland) with a detection limit of 0.04 mg/l. Serum insulin was determined using an RIA kit (Pharmacia AB, Uppsala, Sweden). Mean fasting level for healthy individuals was <144 pmol/l.
Serum levels of carboxyterminal propeptide of type I procollagen (PICP) were analysed using an RIA kit (Orion Diagnostica, Oulunsalo, Finland), having a reference interval in healthy women ranging from 50 to 170 mg/l (mean Ϯ 2 S.D.). The determination of the Nterminal propeptide of type III collagen (PIIINP) was performed by an RIA-gnost kit (CIS Bio International, Gif-sur-Yvette, France), with a reference interval in healthy subjects of 300-800 U/l. Serum levels of osteocalcin were determined using an immunoradiometric assay (ELSA-OSTEO, CIS Bio International). The mean and normal range in women, aged 61-70 years, were 24.4 and 12.9-55.9 mg/l. 1,25-Dihydroxyvitamin D 3 , calcitriol, in serum was measured by an RIA (Nichols Institute, Boldon, UK) and the reference range was 10-60 ng/l.
Serum total alkaline phosphatase activity (ALP), phosphate and urea as well as urine calcium were measured by colorimetric methods using a Kodak Ektachem 700 and 250 Analyser (Eastman Kodak, Rochester, NY, USA). The reference intervals were: < 4.6 mkat/l for ALP, 0.6-1.6 mmol/l for phosphate, 3.0-8.0 mmol/l for urea, 3.0-6.0 mmol/l for glucose and 1.0-7.0 mmol/l for urinary calcium. Hydroxyproline in urine was determined by an HPLC method (22) and values in healthy subjects ranged from 80-270 mmol/l.
Statistical analysis
Results are presented as means Ϯ S.E.M., unless otherwise stated. The comparability of the two groups, i.e. the placebo/GH and the GH/GH group, at baseline was assessed by unpaired t-test. One-way repeated measures ANOVA or Friedman's repeated measures ANOVA on ranks, followed by Dunnett's test, was employed to evaluate treatment effects compared with baseline on variables with normal or non-normal distribution respectively. Comparisons of treatments, placebo vs GH, over time were made by two-way repeated measures ANOVA. Correlations between variables were assessed using least square linear regression analysis. The value of acceptance for statistical significance was set at P < 0.05. Statistical analyses were performed using Sigma Stat for Windows (Jandel Scientific GmbH, Erkarth, Germany).
Results
Basal conditions
Baseline characteristics of the whole material are summarised in Table 1 . Only 12 of 16 patients completed at least one year with active GH treatment; six of these patients started the study with a placebo period, placebo/GH group, while six patients were treated with GH from the beginning, GH/GH group. Before the start of the study no significant differences were observed between the two groups ( Table 1) .
Serum levels of IGF-I were within the mean Ϯ 2 S.D. value for age in 13 patients, and 3 were below ¹2 S.D., 2 of these also had subnormal IGFBP-3. Before GH treatment there was no statistically significant difference in the serum levels of IGF-I in the GH/GH group compared with the placebo/GH group, 104 Ϯ 18 vs 144 Ϯ 15 mg/l. Basal levels of IGF-I did not correlate with BMD, BMC or any other measured variable, except for negative correlations to markers for bone resorption: urine levels of calcium (r = ¹0.607, P = 0.013) and hydroxyproline (r = ¹0.522, P = 0.038). In contrast, a significant negative relation was found between baseline serum levels of IGFBP-1 and BMD in the femoral neck (r = ¹0.610, P = 0.012) as well as a positive relation to PICP (r = 0.550, P = 0.027). No correlations were observed between BMI or body weight and any other variable, except for the expected positive correlation with LBM, BF and TBW.
The maximum peak GH was 5.5 Ϯ 1.4 mg/l during diurnal sampling. Serum concentrations of IGF-I, sampled in connection with the profiles, tended to be correlated negatively to the maximum diurnal peak values of GH (r = ¹0.472, P = 0.076) and in addition they correlated well with the basal levels of IGF-I in this study (r = 0.860, P < 0.001).
Effects of GH on BMD and BMC
In the 12 patients completing one year of GH therapy mean BMD in the total body and lumbar spine, as well as total body BMC, did not change during the treatment period, whereas a slight decrease (3.4 Ϯ 1.6%) compared with basal values in femoral neck BMD was observed after 12 months (P < 0.05). This decrease was, however, due entirely to changes in the GH/GH group which had decreased levels of femoral neck BMD after 6 and 12 months (P < 0.05 and P < 0.01 respectively) (Fig. 1) . In the patients belonging to the placebo/GH group no changes were found either during the placebo period or the GH treatment period. Only four patients were followed for an additional year (i.e. for 2 years altogether) of active GH treatment. Mean BMD in the total body did not change, while BMD in the femoral neck returned to basal levels. Moreover, mean lumbar spine BMD increased 6.0 Ϯ 2.2% after 24 months compared with baseline (P < 0.01) in these patients (Fig. 1) .
Effects of GH on biochemical markers of bone metabolism
When the groups were analysed separately, bone formation markers were found to have increased significantly in the GH/GH group (Fig. 2) . Thus, serum concentrations of osteocalcin increased 88 Ϯ 21% (P < 0.01) compared with baseline and reached maximum levels at 9 months, while PICP and PIIINP increased 36 Ϯ 11% (P < 0.01) and 26 Ϯ 8% (P < 0.01) respectively after 12 months. Mean values of total serum ALP, 3.1 Ϯ 0.1 mkat/l at baseline, did not change. During placebo treatment none of these variables was altered.
No statistically significant changes were found in the markers for bone resorption, urine hydroxyproline and calcium. Furthermore, no changes were found in serum levels of calcitriol.
Effects of GH on LMB, TBW and BF
A tendency towards improved mean values of LBM (from 36.8 Ϯ 1.1 to 37.4 Ϯ 0.9 kg) (P = 0.072) was observed after one year of GH treatment when data from all patients were combined (Fig. 1) . In the placebo/GH Left panels represent data from patients in the placebo/GH group (X, n ¼ 6) during the placebo period. Middle panels represent data from patients in the placebo/GH group (X, n ¼ 6) and patients in the GH/GH group (B, n ¼ 6) during the first year of GH treatment. Right panels represent data from patients in the GH/GH group (B, n ¼ 4) completing two years of GH treatment. *P < 0:05, **P < 0:01 vs basal levels within group. group a tendency to declining levels of LBM was observed (P = 0.072) during the placebo period and after 12 months mean values were 96.1 Ϯ 1.4% compared with basal values. When comparing placebo vs GH treatment in the placebo/GH group using two factor ANOVA for repeated measures, no significant difference was found. Moreover, in the patients receiving GH therapy for two years no further changes were observed. Levels of TBW did not change due to GH treatment.
Mean levels of BF increased slightly after 12 months, from 23.5 Ϯ 2.1 to 24.3 Ϯ 2.1 kg (P < 0.05) when all patients were calculated together. During the placebo period, no changes were observed regarding TBW or BF. A slight weight gain was observed during GH treatment in the GH/GH group, from 58.8 Ϯ 2.8 kg to 60.6 Ϯ 3.3 kg at 12 months (P < 0.05), whereas in the placebo/GH group no changes were found. The patients' heights did not alter significantly during either treatment.
Effects of GH on IGF-I, IGFBP-3, IGFBP-1 and insulin
After 12 months of GH therapy serum levels of IGF-I were increased in ten out of twelve patients, one patient had levels above þ 2 S.D., one had levels still below ¹2 S.D., while the majority remained within the normal range for age. The mean increase (32 Ϯ 11 mg/l) at 12 months was 32 Ϯ 12% of the basal level, ranging from ¹38 to 138%. The increase over time was, however, significant only in the GH/GH group, and could already be observed after one month's therapy (P < 0.05) and continued to increase in all six patients to 47 Ϯ 20% after 12 months (P < 0.01) (Fig. 3) . In the placebo/GH group serum levels of IGF-I did not change significantly, either during the placebo period or during GH treatment. In the four patients who did not complete one year of GH therapy due to side effects, maximal increase in serum levels of IGF-I before cessation ranged from 35 to 114% (Fig. 3) .
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Figure 2 Serum levels of osteocalcin, PICP, and PIIINP (means Ϯ S.E.M.) in postmenopausal women with osteoporosis. Left panels represent data from patients in the placebo/GH group (X, n ¼ 6) during the placebo period. Right panels represent data from patients in the placebo/GH group (X, n ¼ 6) and patients in the GH/GH group (B, n ¼ 6) during the first year of GH treatment. *P < 0:05, **P < 0:01 vs basal levels within group.
Also mean serum levels of IGFBP-3 increased significantly during GH treatment from 2759 Ϯ 224 mg/l before therapy to 3346 Ϯ 311 mg/l at 6 months (P < 0.01) and to 3253 Ϯ 254 mg/l (P < 0.05) at 12 months, when both groups were calculated together. IGFBP-3 was not measured in samples collected during the placebo period.
Serum levels of IGFBP-1 did not change during placebo or GH therapy in either of the groups, when calculated separately or together. Unchanged serum levels of insulin were found in the placebo/GH group during both the placebo and the GH treatment period. However, a significant increase from 47 Ϯ 5 pmol/l to 75 Ϯ 11 pmol/l (P < 0.01) was observed after 12 months of GH treatment in the GH/GH group. Fasting blood glucose levels were unchanged during treatments and no difference was found between the two groups. Similarly, no changes were observed in serum levels of urea and phosphate (data not shown).
No relationships were found between either IGF-I or IGFBP-1 and variables for BMD, BMC, body composition or bone metabolism during GH treatment. Furthermore, changes in IGF-I did not correlate to changes in LBM or changes in osteocalcin, PICP and PIIINP.
Changes in IGF-I in relation to GH dose and endogenous GH
Serum IGF-I values or changes in serum IGF-I levels at 12 months did not correlate with the mean GH dose. Furthermore, levels or changes in IGF-I after 12 months GH therapy were not related to endogenous GH calculated as diurnal GH mean values or maximum peak values from the diurnal profiles of GH. No relation was found between changes in IGF-I, calculated in absolute values or as a percentage, and basal levels of IGF-I, when data from all patients completing one year of GH treatment were compiled.
Adverse effects during GH treatment
Adverse events occurred in all patients during GH treatment, but only once during the placebo period. Most of these were expected side effects related to fluid retention as seen in GH-treated GHD patients. Four patients were excluded during the GH treatment period. The first patient developed carpal tunnel syndrome necessitating interruption of GH therapy after 3 months. Five weeks later she was excluded from the study due to the effect of cholestatic liver. The second patient was excluded after 6 months due to irreversible carpal tunnel syndrome symptoms requiring surgery. Two years after the study she developed similar problems in the other hand. The third patient was excluded due to a retinal vein thrombosis diagnosed after 5 weeks of GH treatment. The fourth patient stopped GH treatment after 4.5 months due to proximal thigh ache.
Five of the remaining twelve patients experienced mild and reversible stiffness and feelings of swollen fingers. One patient had similar complaints during the placebo period. Two further patients reported symptoms of carpal tunnel syndrome that disappeared slowly when the GH dose was decreased. One patient developed distinct trigger finger (tenosynovitis stenosans) that reversed with dose reduction. Four patients developed soft oedema of the lower legs and feet of various magnitude. In one case the oedema was pronounced and decreased slowly when the GH dose was decreased. Four patients developed swollen, aching knee regions. These symptoms persisted for several months in one patient despite GH dose reduction. Three further patients experienced symptoms of trochanteritis of moderate intensity. Three patients had temporary mild muscular tenderness. One of these patients developed thigh muscle weakness and visible atrophy of the
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Figure 3 Serum levels of IGF-I (means Ϯ S.E.M.) in postmenopausal women with osteoporosis. Left panel represents data from patients in the placebo/GH group (X, n ¼ 6) during the placebo period. Middle panel represents data from patients in the placebo/GH group (X, n ¼ 6) and patients in the GH/GH group (B, n ¼ 6) during the first year of GH treatment. Right panel represents individual values of IGF-I in the patients excluded from the study during the first year of GH treatment due to severe adverse effects. Arrows indicate the time point when GH therapy was discontinued. *P < 0:05, **P < 0:01 vs basal levels within group. quadriceps muscles, slowly normalising after ending GH treatment. One year after the study a seropositive rheumatoid arthritis was diagnosed in this patient.
During the two-year study period three symptomatic fractures took place, all during GH treatment. One of the patients fractured her patella and two patients had radiologically verified vertebral compression fractures. Several patients had more or less constant back pain for a long period before the study without any obvious deterioration during the study. In seven patients radiological findings of new or worsened vertebral body compression fractures were found.
Discussion
In the present group of postmenopausal women with manifest osteoporosis no beneficial effect on lumbar or total body bone mass or density (BMC or BMD) was observed with daily s.c. GH administered in mean doses between 0.5 and 2.7 U/day for one year. Femoral neck BMD decreased slightly during the first year of GH treatment. Four patients, however, who continued GH treatment for a total of 24 months displayed a return of their femoral neck BMD to baseline and their lumbar BMD increased 6% above baseline levels. Whether their increased lumbar BMD indicates increased bone formation is uncertain since two of the patients treated for 24 months had progression of vertebral compressions within the lumbar spine region which might have contributed to the increased lumbar areal bone mass.
The initial decrease of BMD in our osteoporotic women resembles the effects observed in GHD patients, who lost bone during the first six months of GH treatment but reversed to a significant bone gain after more than one year of treatment (3). After three years of GH substitution the lumbar spine BMD of GHD patients had increased by 4.6% and the femoral neck BMD had increased by 7.1% (23) . The bone mass of slightly osteopenic women did not change after one year of sequential GH treatment (13) . After two years of therapy, however, significant increases were observed in total hip and lumbar spine (1.3 vs 1.7%) but not in femoral neck. In contrast, Gonelli et al. (14) found a loss of bone mass in lumbar spine and femoral shaft after 2 years of sequential GH treatment in osteoporotic women. The differences between the results obtained might be explained by different levels of severity of osteoporosis, and/or variations in GH doses and regimes.
Nine of our twelve patients treated with GH for one year or longer had radiological progression of their vertebral compression fractures. This could be expected from the high risk of re-fractures in elderly women with manifest osteoporosis but it cannot be ruled out that GH treatment had a negative effect on bone connectivity and tenacity. It has been postulated that increased bone turn-over as such could cause an increased risk of fractures (24) possibly because of increased activation of bone remodelling units and the greater risk of bone perforations even when absolute loss of bone mass is small. Increased bone turnover might be more destructive in older individuals with a lower bone mass and greater risk of trabecular perforations and fractures.
In our osteoporotic patients there were small increases in the bone formation markers, serum osteocalcin and procollagen type I propeptide (PICP) while the relatively unspecific resorption markers, urine calcium and hydroxyproline, did not change significantly. Thus, bone turnover was affected, although marginally, indicating an effect of exogenous GH in the osteoporotic women in excess of their endogenous GH production. The bone formation and resorption markers in middle-aged GHD patients more than doubled following GH treatment in comparable doses (2, 3, 25) . Two-to tenfold higher GH doses (0.2 U/kg/day) for a short period (3 days) have been shown to induce an equally large bone marker response, unrelated to the serum IGF-I response, in osteoporotic and normal postmenopausal women (26, 27) . Bone histomorphometric data indicated increased bone cell activation frequency and an increased formation period while the resorption period was shortened during GH treatment of young GHD males (28) . Histomorphometric studies have not been reported in GH-treated postmenopausal women with osteoporosis.
No significant changes in LBM or TBW were found in the osteoporotic women after one year of GH treatment although a trend towards higher LBM was seen in comparison with a tendency to decrease during placebo treatment. The lack of significant effects on LBM and the tendency of body fat to increase is in contrast to the findings in GH-deficient patients (29, 30) . Several reasons might have contributed such as low physical activity and increased awareness of adequate food intake in our elderly patients during the study period. Preliminary results indicate that fat mass does not decrease during GH therapy in elderly GHD patients although LBM increases (31) . In healthy elderly males with IGF-I levels below the mean for age, slightly higher GH doses increased LBM (32, 33) . The GH-induced increase in IGF-I was also much lower than the IGF-I response reported in GHD women treated with GH in the same dose range (30) . In GHD patients we have observed that the GH-induced increase in LBM was correlated to the IGF-I increase (30) . In growth retarded children the increase in growth velocity SD scores was found to be positively correlated to the increase in IGF-I and inversely correlated to pretreatment IGF-I levels (34) .
A GH dose too low in relation to the endogenous GH production may be considered as a reason for the apparent GH resistance leading to a low IGF-I and LBM response in osteoporotic women compared with women with GHD. However, the many adverse events mostly attributed to water retention observed during GH therapy indicate that the amount of administered GH most likely exceeded the endogenous GH production. Furthermore, GH therapy resulted in a reduction in BMD, similar to that observed initially in GHD patients and attributed to a GH-induced increase of the remodelling space. Therefore, the discrepancy between multiple adverse effects of GH and the attenuated GH effects on IGF-I and LBM leads to the hypothesis that these osteoporotic women have a selective resistance to the GH-induced expression of IGF-I, which is assumed to mediate the anabolic effects of GH. The estrogendeficient state in our patients is unlikely to be the cause, since per oral oestrogen therapy decreases the GH-induced IGF-I response in GHD women. (35) .
Failure of GH to induce an increase in IGF-I as well as growth and anabolism is well known during fasting and in malnourished patients such as those with anorexia nervosa (36) . In lean healthy subjects fasting decreases the serum IGF-I levels in spite of increasing GH levels (37) . Low serum IGFs and IGFBP-3 have been reported in women with postmenopausal osteoporosis (9) . Although the participating women had a normal mean BMI of 24, we cannot exclude selective nutritional deficits. Low caloric intake and low protein content in the diet are usually accompanied by increased IGFBP-1 levels partly due to decreased insulin levels (38) . In this context it is of interest that IGFBP-1 was the only variable displaying a significant and inverse correlation with BMD before GH therapy. Since circulating levels of free IGF-I have been shown to be inversely related to IGFBP-1 (39), the modulation of IGF-I bioavailability by IGFBP-1 is believed to be of importance for the anabolic action of GH.
The role of cytokines in the pathogenesis of osteoporosis has been addressed in several studies during previous years. A prevalence of interleukin (IL)-1, IL-6 and tumour necrosis factor-a mRNA has also been observed in bone biopsy samples from osteoporotic women (40) . Whether increased cytokine production is a contributory cause of a selective GH resistance in our group of osteoporotic women is at present unknown.
In conclusion, the present placebo-controlled oneyear study does not support the use of GH for the treatment of elderly postmenopausal women with primary osteoporosis, who fail to respond with an increase in IGF-I. The finding of a possible selective GH resistance in our patient group needs to be confirmed in larger groups of patients. In osteoporotic women who respond with an increase in IGF-I, long term GH studies, perhaps with added bone resorption inhibitors, need to be performed to evaluate whether increased bone mass and fracture reduction can be established.
